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Abstract
This thesis will find costs for electrical outages on campus. The costs will be for
three different major classifications of buildings, and will be done on a square foot-hour
basis. The three different classifications are academic, dining, and dormitory space. For
each square foot of space that is out of power for an hour, a number will be calculated
that will allow for extrapolation onto other buildings of the same classification. This
thesis is a case study, and will only cover three different types of buildings determined to
be an accurate representation of their classification. Also, only buildings on the West
Substation feeders will be considered, as they are attached to the substation with the
greatest chance of failure. This thesis begins with a short introduction to set the stage and
identify the necessity of this case study. The next segment determines the cost of an
academic space, followed by a dining space, followed by a dormitory space. Then, the
following segment draws conclusions regarding each space, and speaks to any
unaccountables, such as common spaces, conference and meeting rooms, etc.. The final
section talks about implications and results, and draws conclusions regarding findings. In
order to determine the costs per square foot, information was gathered from Dining
Services, Facilities Management, Housing Department, and individuals who work for
each department. The results are as follows:
For a square foot of space in a dormitory building, the cost is 1.1 cents/ hour.
For a square foot of space in an academic building, the cost is $3.73 dollars/hour.
For a square foot of space in a dining building, the cost is 3.2 cents/hour.
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Introduction
What this thesis seeks to do is to quantify the cost of a power outage for 3
different classifications of buildings. It seeks to provide perspective to people who are not
necessarily knowledgeable regarding the fields of electricity or the financial
repercussions of these outages. The thesis is written as a case study, so that the data can
be expanded onto other spaces with the same classifications. The reason for doing this
thesis revolves around the work I completed in my engineering capstone. I worked with
two other individuals on analyzing the electrical system of the University of Maine
Orono campus. We found that there were some issues that needed to be addressed, which
included the removal of a substation that is less reliable than it should be. This reliability
issue is due to its age, the fact it is fed by a distribution line with variable load upstream,
and the overloading that the substation experiences on a regular basis. This substation is
the “West Substation”, also known as the “Steamplant Substation” due to its location. In
our simulations, we found that it was the weakest source on campus, and had been
overloaded consistently out of necessity, and so would be the most likely to fail. These
results can be seen in Appendix 14, “Results From Senior Capstone”.
The University of Maine Orono will need to keep a close eye on electricity usage
and projected growth, and perform maintenance on the electrical system to keep anything
catastrophic from happening to any buildings connected to the West Substation on
campus. The issue stands that people making budgeting decisions do not always have a
full idea of how urgent something may be, as they may lack the requisite knowledge to
understand the technical aspects associated with the problem. This thesis paper will
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confront the problem using tuition, housing, and food cost numbers as stated by the
University to determine the cost to the students if there were a power outage in either an
academic, dorm, or dining facility. The size of the building will be determined via plans
provided by an engineer on campus, Brian Foley. The usage of the building will either be
assumed or calculated through usage numbers from the University. The final piece of the
puzzle will be determining the cost of an outage for a square foot of a building, so that
the approximate cost of an outage for any building of that type (academic, dining, dorm)
can be calculated based on its square footage. The thesis will also consider the energy
future the University hopes to achieve, as well as the roadblocks to that future imposed
by a subpar electrical system.
Background
The University of Maine is becoming the most popular university in the state of
Maine, and has seen continued enrollment growth since 2014 (Citation 1). The University
of Maine Orono campus is the flagship of the University of Maine system, and for good
reason. It is one of the foremost research institutions in the Northeast, and is one of the
leaders of the green campus movement. It ranked 26th in the “Princeton Green Guide’s
top 50 Green College Campuses” for 2015 (Citation 2). Apart from the continued growth
of the campus, The University of Maine Orono is also looking to achieve carbon
neutrality by 2040 (Citation 13), and has pledged to do so. The University appears very
conscious of its environmental footprint, and also is projected to have a steady enrollment
increase (Citation 1). The University finds itself in a very precarious position however.
Based on a recent Sightlines report, the University of Maine Orono (Citation 13) is
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spending less than its peers in daily service maintenance(Page 41). As you can see from
Figure 1, utilities have contributed the most to growth of cost per gross square foot in the
2015 fiscal year.

Figure 1: UMS Operating Costs/ Gross Square Foot

The University has also seen less investment in preventative maintenance on
average as compared to its peers, from the same Sightlines report. This preventative
maintenance is something that will play a key role in the University’s future during its
projected growth period. To keep costs consistent, the University needs to start
performing more preventative maintenance than it is currently. With a high number of
buildings over 50 years old, we are left with infrastructure that has nearly outlived its
usable lifespan. This, coupled with continued growth, could create challenges for the
campus. Without getting the proper funding from budgetary committees, the facilities
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management department will be unable to increase maintenance, as they do not have the
funds. Also, if the University of Maine wants to incorporate renewable energy (solar
panels for instance), which is one of the considerations for a higher score on the “Green
Honor Roll”, the administration will need to be prepared to invest in making the grid on
campus much more robust.

Figure 2: Investment in Preventative Maintenance per year as % of Budget

Based upon the most recent campus master plan (Citation 13), the University has
also seen a steady increase in per capita emissions in the recent past, with a rise from 4.94
tonnes to 6.02 tonnes (Pg. 118, Citation 13). This steady increase means that the
University, in order to maintain it’s position as a sustainable and green campus, will need
to increase the amount of renewable energy that is used to feed demand. This will help to
offset the per capita carbon footprint. With 26% of the universities emissions coming
from electricity consumption, (Pg. 119, Citation 13) 
a resource that provides for 19% of
4

the energy on campus, it is apparent that the University needs to seriously consider more
investment in renewable electricity.
The University of Maine is working to become the premiere destination for
students in a climate conscious world, as the move towards carbon neutrality by 2040
evinces (Pg. 120, Citation 13). It is stated on page 120 as well 
that “As part of the overall
strategy...the university will need to be transitioned to renewable sources”. The report
goes on to state on page 120 that the University has purchased 30% of its energy from
renewable sources, while the state mandated minimum is 30%. This minimum, while a
step in the right direction, does not show that the University is truly considering the need
to reduce their emissions further outside of state mandates. Even when purchasing
Renewable Energy Credits (REC’s) from local utilities, there is no way for any load to
ensure where its kW originated. The best way to ensure that renewable energy is being
generated and used by the University is to integrate solar PV cell arrays or other
generation into the building power systems, which will then generate power to offset the
load of the building. This can help decrease the amount of load on the campus primary
system, which in turn will increase reliability. A large assumption that is quite important
to each section of this thesis is the assumption that
everyone would have to leave the
building due to inoperable HVAC and air recirculation systems that would make the hall
uninhabitable, and therefore necessitate evacuation for the duration of the outage.
This thesis will consider the integration of renewables into the University power
system, as well as provide outage numbers for certain building classifications. These
numbers will hopefully be used by campus individuals in forecasting the cost of an
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electrical outage to the students, thereby informing their decisions on what should be
changed fiscally to prevent power outages. This information can also be used by students
to inform themselves, and in doing so, put pressure on the University to upgrade these
utilities to better serve students. In the pages that follow, please consider the audiences,
and the need for any member of the student body or faculty to be able to pick up this
thesis, and use the numbers for outages to determine the costs for any building
classification or length of time. Also consider the importance of sustainability in the near
future, and the pledge of the University to become carbon neutral, a goal that will never
be met without proper methodical steps.
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Section 1, Academic Building Calculations: Dunn Hall

For the academic building calculation Dunn Hall was selected. Dunn Hall is home
to the departments of Communication and Journalism, Communication Sciences and
Disorders, Native American Studies, The School of Nursing, Speech Therapy
Telepractice, the Tutor Program, and the Wabanaki Center. The calculations for an
academic building are going to be much different, as there are more factors to take into
account. First and foremost, there are different numbers of students who are in state or
out of state, and pay a different amount for tuition as a result. This can be accounted for
by creating a percentage of the number of students from inside and outside the state of
Maine. This percentage can be calculated using data from University’s Office of
Institutional Research, known as the OIR. Referring to the UMaine at A Glance sheet
(Citation 11) maintained by the OIR, the percentages can be calculated as shown below:

(Eq. 1.1.) Undergraduate T otal Resident : 6, 705 students
(Eq. 1.2.) Undergraduate T otal Non − Resident : 2, 592 students
(Eq. 1.3). Resident P ercentage = 6, 705/(6, 705 + 2, 592) = .72, 72%
(Eq. 1.4). Non − Resident P ercentage = 2, 592/(6, 705 + 2, 592) = .28, 28%

With these percentages, the academic building calculation can now account for
the difference in tuition rates. Another important consideration is the credit hour
classification of the courses taking place in the building potentially during any outage.
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Since there is no way of knowing what classes will be taking place at any time, a mixture
of classes will be selected. The class types considered are 1 credit, 2 credit, and 3 credit
classes. In Dunn, we will be considering 4 different rooms: Rm. 130, Rm. 115, Rm. 126,
and Rm. 316. Of the four rooms, two of them will be assumed to be 3 credit classes. This
is because we will assume they are the most prevalent course type on campus, and you
have a 60% (⅗) chance during the week of those classes occurring if you use a Monday
WednesdayFriday schedule, as a majority of three credit classes do. One of the
remaining two rooms will be a 1 credit course room. The other classroom will be a 2
credit course room. Instead of using the student count per room and assigning the courses
to a specific room location, the calculation will use the total number of students in all of
the rooms divided up into each room equally. This should allow for a leveled calculation,
as below, we will be averaging out the square footage per person across all rooms equally
to match.
The next thing to consider is the approximate square footage each student would
be allotted for a course on average. The capacities of the four rooms and the square
footage are listed below in the table. This data was pulled from Appendix 2, “Classroom
Scheduling List”, and Appendices 12 and 13, “Dunn Hall Autocad Floors 1 and 3”
respectively, provided to me by Brian Foley in Facilities Management.
The final column in the table represents the square footage per person in each
room. These numbers allow for an approximate square footage per person to be
concluded via an average of the numbers. When these numbers are averaged, the final
square foot area each student is allotted is 16.1725 square feet. The student count for each
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room is used to find the average allotment, instead of the student to teacher ratio of 15:1
that the University touts, as this seems unrealistic.

Dunn Hall Room

Sq. Ft in Room

Capacity (Students)

Sq. Ft/ person

130

336

21

16

115

549

30

18.3

126

536

35

15.31

316

377

25

15.08

Number

Figure 3: Selected Square Footage Numbers and Capacities in Dunn Hall

The next step in the process of calculating the square foot cost per hour is to find
the number of hours people are spending in their classes, for each different credit level. In
this calculation, it will be important to use the exact definition of a credit hour. The
Student Hour, derived from the Carnegie Unit of academic measurement, is the origin of
the credit hour, which is, as it says, an hour of class time per week. As stated verbatim
from an article on the Carnegie Student Hour: “
As it is used today, a Student Hour is the
equivalent of one hour (50 minutes) of lecture time for a single student per week over the
course of a semester, usually 14 to 16 weeks (Citation 12).”
This hour, although defined
as an hour, is usually shorter at 50 minutes. For the purposes of this calculation, however,
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the number of credit hours will be considered to be equal to the number of true hours that
the student spends in class with the instructor, consistent with the Carnegie Student Hour
definition. Below we can see the number of hours that the student is spending in a class
each semester.

(Eq. 1.5). 1 Credit Course : 1 hour/ week * 15 weeks/semester = 15 hours
(Eq. 1.6). 2 Credit Course : 2 hours/week * 15 weeks/semester = 30 hours
(Eq. 1.7). 3 Credit Course : 3 hours/week * 15 weeks/semester = 45 hours

With these hours figured out, we take another step towards a final square foot
calculation for academic spaces. In the next section, costs per credit hour will be used to
determine what the student pays, both in state and out of state, for an hour in their course.
This calculation will be completed for each different credit hour level of courses.

One Credit Course Cost/Hr.
(Eq. 1.8). In state cost : $480/credit hr.
(Eq. 1.9). Out of state cost : $1, 089/credit hr.
(Eq. 1.10). In state cost/hour per student : $480/(15 hours/semester) = $32/hr.
(Eq. 1.11). Out of state cost/hour per student : $1, 089/(15 hours/semester) = $72.60/hr.
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Two Credit Course Cost/Hr.
(Eq. 1.12). In state cost : $759/credit hr.
(Eq. 1.13). Out of state cost : $1, 997/credit hr.
(Eq. 1.14). I n state cost/hour per student : $759(30 hours/semester) = $25.30/hr.
(Eq. 1.15). Out of state cost/hour per student : $1, 997/(30 hours/semester) = $66.57/hr.

Three Credit Course Cost/Hr.
(Eq. 1.16). In state cost : $1, 038/credit hr.
(Eq. 1.17). Out of state cost : $2, 865/credit hr.
(Eq. 1.18). I n state cost/hour per student : $1, 038/(45 hours/semester) = $23.07/hr.
(Eq. 1.19). Out of state cost/hour per student : $2, 865/(45 hours/semester) = $63.67/hr.

Next, students will be spread across the rooms equally, as stated before. There is a
total of 111 students, with an equal distribution as considered before that leaves 28
students in three rooms with 27 in the fourth. Two of the rooms will be 3 credit courses,
one will be a 2 credit course, and the last will be a one credit course. The number of
students is now 28 in the 2 and 1 credit courses, and 28+27=55 in the 3 credit course.
Now, to account for the percentages of in state and out of state students, we will apply the
percentages we found earlier: 72% in state, 28% out of state. The breakdown of student
costs are as follows:
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1 Credit Costs Breakdown
(Eq. 1.20). In State : (28 * (.72)) * $32/Hr. = $640/Hr.
(Eq. 1.21). Out of State : (28 * (.28)) * $72.60/Hr. = $1, 452/Hr.

2 Credit Costs Breakdown
(Eq. 1.22). In State : (28 * (.72)) * $25.30/Hr. = $506/Hr.
(Eq. 1.23). Out of State : (28 * (.28)) * $66.57/Hr. = $532.56/Hr.

3 Credit Costs Breakdown
(Eq. 1.24). In State : (55 * (.72)) * $23.07/Hr. = $922.80/Hr.
(Eq. 1.25). Out of State : (55 * (.28)) * $63.67/Hr. = $955.05/Hr.

The above calculations will allow the final academic calculation to take into
account the different credit hour courses having the same ratio of in state students and out
of state students as the campus. With these numbers, the final average can begin to be
calculated. To move into the final stage of determining the per square foot cost of an
academic space outage, the in state total costs from each of the courses will be
determined, as well as the out of state total costs. These will then be divided by the
square footage per student multiplied by the number of students in the class, in state and
out of state calculated separately.
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In State Cost/Sq.ft./Hr.
(Eq. 1.26). In State T otal : $640 + $506 + 922.80 = $2, 068.80/Hr.
(Eq. 1.27). In State Cost/Sq. ft./Hr. :
($ 2, 068.80/Hr.)/((16.1725Sq.ft./Student) * (80 Students) =
$1.599 ≈ $1.60 /Sq.ft./

Out of State Cost/Sq.ft./Hr.
(Eq. 1.28). Out of State T otal : $1, 452 + $532.56 + 955.05 = $2, 939.61/Hr.
(Eq. 1.29). Out of State Cost/Sq. ft./Hr. :
($2, 939.61/Hr.)/((16.1725Sq.ft./Student) * (31 Students) = $5.86/Sq.ft./Hr.

(Eq. 1.30). Average : (In State($/Sq.ft./Hr.) + Out of State($/Sq.ft./Hr.))/(2) =
($1.60 + $5.86)/(2) = $3.73/Sq.ft./Hr.

The final calculation in Eq. 1.30 to find the average yields a square foot hour cost
of $3.73. This cost is for each square foot, so a student in a class with an average of 16
square feet of space allotted to them would be looking at 16X this value, about $60 per
class for that hour based upon this average. This math can be reversed to see if the tuition
values come out the other end, while remembering to take into account the student types.
First, take $60.32 per class, and multiply it by the 15 hours for a 1 credit course that
meets for an hour a week. The final number is $904.85, which falls between our lower
and higher tuition values for the one credit course, $480 and $1089 respectively. The
13

final number, however, should not be a simple average of $480 and $1089. This simple
average does not take into account the differences in percentages of in state and out of
state students per class as the average that yielded $3.73 did. In order to take this into
account, we need to offset the value of the average by dividing the difference between the
two proportions of students. This calculation will allow us to see how important it is to
calculate the proper proportion of students, both in and out of state. Offsetting is
determined by the percentages of in state students and out of state students. These
calculations are below, and show an error calculation for the square footage cost as well.

(Eq. 1.31). Simple Average : ($480 + $1089)/(2) = $784.50
(Eq. 1.32). Numerical Difference : $1, 089 − $480 = $609
(Eq. 1.33). In State W eighted Offset P ortion : $609 * .72 = $438.48
(Eq. 1.34). Out of State W eighted Offset P ortion : $609 * .28 = $170.52

(Eq. 1.35). W eighted Average : $1, 089 − (Out of State W eighted Offset P ortion) =
$1, 089 − $170.52 = $918.48
(Eq. 1.36). W eighted Average : $480 + (In State W eighted Offset P ortion) =
$480 + $438.48 = $918.48
(Eq. 1.37). % Error : $918.48/$904.85 = 1.01506, or 1.51% error

As seen above, by finding the difference and offsetting the average, we end up
with $918.48 as the average cost with considerations for in state and out of state student
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proportions. Through the calculations, it becomes apparent the importance of the offset of
the average, as the simple average would produce an incorrect answer, and introduce an
unnecessary error level of (784.50/904.85) 13.3%. The 1.51% error found using the
calculations described in this section can be attributed to rounding. For these calculations,
four decimal places, when apparent, were rounded down to two decimal places as is
customary when stating monetary values. The only purpose of this final calculation is to
show the error incurred by using a 50/50 distribution of in and out of state students, as
opposed to finding the proportional amounts. This is an important piece that is only
considered in the academic calculations due to the difference between in state and out of
state tuition. Throughout the rest of this thesis, the proportions of in state and out of state
students do not come into play.
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Section 2, Dining Building Calculations: York Dining Hall

The next building type to consider is the dining hall. For the dining hall outage
calculations, York Dining Hall was chosen. York Dining Hall is one of three main dining
halls on campus. The choice to pick York Dining Hall is twofold. First, York Dining Hall
is connected to the West Substation via feeder 3. However, the West Substation also
normally provides power to Wells Central Dining Hall. Secondly we needed to determine
which building had a higher usage to size ratio. York was picked over Wells for these
calculations due to it’s higher square foot to usage rating. This rating can be seen on
Appendix 3, “Customer Counts.” This number is simply a calculation of the number of
students using the dining hall per day divided by the square footage of the dining hall.
The numbers are ratios that give an idea of the usage in relation to size. As indicated on
the sheet, York has the highest ratio, at 0.2256. This means that York has the highest
usage to square footage of dining halls on campus, and will yield a worst case cost for a
square foot/ hour calculation. This dining hall also provides a convenient location for a
students to eat, and is essential to the proper nutrition and health of college students.
Contact and correspondence with Ken Violette Jr., the Finance and Purchasing
Manager of Dining Services, yielded a number for each day for a four week period
regarding students using York Dining Hall. This information, paired with the cost of the
“Unlimited” meal plan, will make it possible to calculate, on average, what the cost
would be if a dining hall was to lose power for an hour. This data will then be translated
down to a square foot level, and give a value for the cost of a dining building outage per
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square foot per hour. Consideration will be given to the number of hours that the dining
hall is open as well per week.

For these calculations, there are also some assumptions . The building hours will
be averaged, including weekend hours. The building usage will also be averaged. This
means that, for instance, if there are 2000 people going through York Dining on Tuesday
and 1500 on Wednesday, the average of 1750 will be used. The flow of students will be
stated as constant also, so as to remove the consideration of lunch hour, or for instances
such as “Buffalo Chicken Wednesday”, which according to employees handles about
9001000 people for just the dinner shift. With these assumptions and averages taken into
consideration, the calculations can now begin.
First and foremost, we will look at the number of students using York Dining hall
on average for a typical week. After receiving the dining hall usage data from Ken, it was
averaged to find the typical usage from 4 separate weeks. The four week period
considered was between Sunday, Jan. 31st 2016, and Saturday, February 27th 2016. First,
each week was averaged, and then the average of those four averages was calculated.
These averages were calculated in Excel, and can be seen on Appendix 3, “Customer
Counts”.
(Eq. 2.1). Average for W eek 1 : 1553.143 people/day
(Eq. 2.2). Average for W eek 2 : 1511.429 people/day
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(Eq. 2.3). Average for W eek 3 : 1505 people/day
(Eq. 2.4). Average for W eek 4 : 1451.143 people/day
(Eq. 2.5). Overall Average : 1505.179 people/day

Now that the average usage has been determined, the calculations need to
determine a square footage for York Dining Hall. The square footage of York Dining
overall, as calculated from the Autocad Drawing in Appendix 9, “York Dining”, is
349’*466’, or 162,634 square feet. This number includes bathrooms, the space of the
conference room, and all of the dining hall food storage preparation space. The square
footage considered for this calculation will only include the seating area open to students.
These square footages are pulled from the York dining autocad drawing, and account for
the total space available the students on any given day. The square footage of these areas
total to 6,672 square feet, as shown below.
(Eq. 2.6). T otal Square F ootage : Seating Area 1 + Seating Area 2 = T otal
(Eq. 2.7). T otal Square F ootage : 4, 207 Sq.ft. + 2, 465 Sq.ft. = 6, 672 Sq.ft. T otal

Next, the typical number of hours per day students can use the dining hall can be
considered. This is achieved by averaging the open hours of the dining hall throughout a
typical week. The hours for York Dining average to about 12.5 hours, using the numbers
below.
Sunday Hours : 7AM − 8P M = 11 Hrs.
M onday Hours : 7AM − 8P M = 13 Hrs.
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T uesday Hours : 7AM − 8P M = 13 Hrs.
W ednesday Hours : 7AM − 8P M = 13 Hrs.
T hursday Hours : 7AM − 8P M = 13 Hrs.
F riday Hours : 7AM − 8P M = 13 Hrs.
Saturday Hours : 9AM − 8P M = 11 Hrs.
(Eq. 2.8). Average Hours/ Day : (87 Hours)/(7 Days) = 12.43 Hours/Day

Finally, a steady flow number for usage per hour can be derived. This will be
completed by using the average number of open hours paired with the average usage per
day derived before.
(Eq. 2.9). (1505.179 P eople/ Day)/(12.43 Hours/Day) =
121.09 people/hour ≈ 121 people/hour

Now that there is an average flow of students into the dining hall per hour, we can
calculate cost/hour for each student. We can assume that each student has purchased the
“Unlimited Dining Plan”, which based upon Appendix 1, “Approved Undergraduate
Rates”, carries a cost of $2,286 for both in state and out of state students. This number
will be used to get a cost per student for an hour of dining hall time, regardless of if they
are using the hall.
(Eq. 2.10). Cost per Hour for Student :
(Cost of Meal P lan)/((W eeks/ Semester) * (Hall Hours/W eek))
(Eq. 2.11). Cost per Hour for Student :
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($2, 286)/((15 W eeks/ Semester) * (87 Hours/W eek)) =
$1.752/Student/ Hour
With a cost per student per hour, an average flow rate of people into the dining
hall per hour, and a square footage of the dining space, we can begin to look at the cost
per hour on a square foot basis.
(Eq. 2.12). Cost/ Sq.ft. :
(Student flow/Hour * (Cost/ Student/Hour))/(Square F ootage)
(Eq. 2.13). Cost/Sq.ft. :
(121 P eople/Hour * ($1.752/Student/Hour))/(6, 672 Sq. ft.) =
0.03176, or 3.18 Cents/Hr./ Sq.ft.
The final per square foot cost of a dining hall classified building, derived from
information pertaining to York dining hall, is 3.18 cents per hour, per square foot.

20

Section 3, Dormitory Building Calculations: Estabrooke Hall

For the dormitory building calculations, Estabrooke Hall was chosen. Upon
correspondence with Auxiliary Services, and emails back and forth with Sally Clark, an
administrative support specialist, which can be seen in Appendix 8, “Sally Clark Email”,
it was determined that Estabrooke was a good choice, due to it being considered a typical
building with a good representation of the different types of dorm rooms. These sizes
would allow for easy calculations when paired with the cost sheet maintained by the
university on their website, which can bee seen in Appendix 1, “Approved Undergraduate
Rates.” Estabrooke is also connected to the West Substation via Feeder 3, and therefore is
fed by the circuit that has been determined to be potentially problematic based upon
previous capstone work.
First for the calculations, the number of purely dormitory floors need to be
determined, and the number of dormitory rooms of each type determined per floor. Then
the square footage of all the rooms can be calculated. Next, costs need to be determined
for the floors based upon the number of people staying in each room and the type of
room. Once we have completed this for each floor, we can add up each floor’s square
footage, and each floors total cost per semester. With these two numbers, a simple
division can be done to determine the cost per square footsemester. The overall
cost/semester will be divided by the square footage. Next, we can turn the $/sq.
ft.semester into a cost per square foot for an hour. This is done by using the number of
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weeks in a semester (typically 15 weeks), and multiplying it by 7 days, which in turn will
be multiplied by 24 hours in a day. This will leave us with what is below:
(Eq. 3.1). (($XXX)/Sq. ft. Semester)/(15 weeks/ Semester * 7 Days/week * 24 Hours/Day) =
($XXX)/Sq. ft./Hour
Below, we can see the math done per floor for Estabrooke Hall. Before diving in,
consider the assumptions that are made; first and foremost every room has its maximum
number of students (two for doubles, one for singles), the dimensions are as stated on
specification sheet provided by Auxiliary Services in Appendix 6, “Estabrooke Hall
General Information”, and the dormitory rooms are still organized as they are on the
recent floor plan, seen in Appendix 7, which shows floor plans for Estabrooke floors 3
and 4. The traditional sizes for types of rooms as quoted by Auxiliary Services are listed
below as well. The calculations for hours/semester assume a 15 week semester, which is
typical.

Room Sizes
(Eq. 3.2). 2 Room Doubles = 16′11" * 11′10", 200.18 Sq. ft.
(Eq. 3.3). Doubles = 16′11" * 11′10", 200.18 Sq. ft.
(Eq. 3.4). Singles = 10′ * 12′, 120 Sq. ft.
(Eq. 3.5). Deluxe Singles = 16′11" * 11′10", 200.18 Sq. ft

Floor 1:
No dorm rooms
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Floor 2:
No dorm rooms
Floor 3:
(Eq. 3.6). 6 T wo Room Doubles * 200.18 Sq. ft. = 1201.08 Sq. ft.
(Eq. 3.7). 3 Doubles * 200.18 Sq. ft. = 600.54 Sq. ft.
(Eq. 3.8). 27 Singles * 120 Sq. ft. = 3240 Sq. ft.
(Eq. 3.9). 4 Deluxe Singles * 200.18 Sq. ft. = 800.72 Sq. ft.
(Eq. 3.10). T otal = (5, 842.34 Sq. ft.) on F loor 3
(Eq. 3.11). 6 T wo Room Doubles * ($2, 804/person * semester) * 2 people/room =
$33, 648/semester
(Eq. 3.12). 3 Doubles * ($2, 502 /person * semester) * 2 people/room = $15, 012/semester
(Eq. 3.13). 27 Singles * ($3, 505/person * semester) * 1 person/room = $94, 635/semester
(Eq. 3.14). 4 Deluxe Singles * ($3, 555/person * semester) * 1 person/room =
$14, 220/semester
(Eq. 3.15). T otal = ($157, 515/semester) on F loor 3
Floor 4:
(Eq. 3.16). 6 T wo Room Doubles * 200.18 Sq. ft. = 1201.08 Sq. ft.
(Eq. 3.17). 2 Doubles * 200.18 Sq. ft. = 400.36 Sq. ft.
(Eq. 3.18). 27 Singles * 120 Sq. ft. = 3240 Sq. ft.
(Eq. 3.19). 5 Deluxe Singles * 200.18 Sq. ft. = 1000.9 Sq. ft.
(Eq. 3.20). T otal = (5, 842.34 Sq. ft.) on F loor 4
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(Eq. 3.21). 6 T wo Room Doubles * ($2, 804/person * semester) * 2 people/room =
$33, 648/semester
(Eq. 3.22). 2 Doubles * ($2, 502 /person * semester) * 2 people/room = $10, 008/semester
(Eq. 3.23). 27 Singles * ($3, 505/person * semester) * 1 person/room = $94, 635/semester
(Eq. 3.24). 5 Deluxe Singles * ($3, 555/person * semester) * 1 person/room =
$17, 775/semester
(Eq. 3.25). T otal = ($156, 066/semester) on F loor 4
Now that we have determined the square footages of each room type and the
associated costs, we can begin our final calculation for the entire building. First, we will
total the entire living area. Then, we will total the cost for the entire semester. These two
pieces come together to determine a cost per square foot for an entire semester. To get
down to an hourly cost, we will determine the number of hours in a semester, and then
divide the cost per square foot per semester by the number of hours in the semester.
Overall Building Calculations
(Eq. 3.26). T otal Sq ft. Living area = 11, 684.68 Sq. ft.
(Eq. 3.27). T otal Cost/ Semester = $313, 581/Semester
(Eq. 3.28). $313, 581/11, 684 Sq. ft = cost per square foot per semester =
$26.84/Sq. ft. semesterly
(Eq. 3.29). (15 weeks/semester) * (7 days/week) * (24 hours/day) = 2520 hours/semester
(Eq. 3.30). ($26.84/ Sq. ft. Semesterly)/(2520 hours/semester) =
24

$0.0106 ≈ 1.1 cents/ Sq. ft. hourly

As shown in Eq. 3.30, we have a cost of approximately 1.1 cents per square foot
hourly. This cost is based upon the assumptions made before and the preceding
calculations, and can be used to determine the cost for an outage for any number of hours
and square feet for dormitory classified space at the University of Maine.
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Section 4: Implications and Further Research
Implications
As for the implications of this research, it all lies with the expansion of campus. If
campus continues to expand as it is projected to, then the energy demand will continue to
rise. This energy rise coupled with the University’s need to continue to be a green
campus puts it in a strange spot. If the University wants to continue to be considered as a
green campus, which it definitely does, it will need to buy more Renewable Energy
Credits (REC’s). If the University wants to actually integrate renewables into its existing
power system, it will have a very hard time doing so if tripping offline due to
unreliability becomes normal. The only way to prevent this is to continue to improve
preventative maintenance and increase the amount spent per gross square foot on
maintenance daily.
Integration of any sort of distributed generation is an amazing opportunity for the
University to secure its name as a green campus, and with the amount of roof space on
campus it would be quite easy to put large PV arrays into commission. The issue with a
potentially unreliable grid and the addition of any distributed generation is that the
system runs into issues with islanding concerns. As per Emeras “Interconnection
Guidelines” document (Citation 5), islanding is generally prohibited due to safety
concerns, and a majority, if not all distributed generation applications require
antiislanding schemes in order to connect in any way to Emera’s lines, which feed
campus. The University of Maine, as well, should be worried about the potential to create
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islands during power outages. The idea of an “islanded” power system is much like the
idea of an island itself, isolated but alive. When a building or customer on a power
system decides to install generation equipment to help meet or supplement their need for
power, they create potential for an island. If, for instance, a house loses power, and the
customer’s generator, whatever that is (PV, Gas, etc.) is placed into operation, it can
backfeed power on to what appears to be a dead line. In this case, you can potentially
have an electrical worker cutting and pulling blown fuses or cable on a live line, which is
extremely dangerous. So, what many utilities decide to do is mandate the implementation
of antiislanding configurations, whether that’s a breaker that’s activated or a manual
switch, there needs to be an electrical disconnect between the utility system and the
generating system.
These antiislanding setups are nice, and work to keep people safe, but do not play
well with renewables. Antiislanding setups force the generation to stop, as to remove
any doubt that the line could be dead. This means no export of power onto the grid for
credit against your bill, and energy stops being produced, rendering your generation
useless. The other configuration option is intentional islanding. What this means is that, if
an intentional islanding scheme were implemented, the distributed generation would be
used to feed the building that they are attached to. This scheme isolates the generation
from the utility circuits, allowing the generation to feed the load even after an outage.
Sadly, solar cells, to use an example, at current efficiency ratings cannot carry the load
for large buildings continuously without a huge number of them, and proper energy
storage. Eventually the PV cell inverter would be asked for too much power, or the
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battery bank would fall to too low of a charge. The solar charge controller would then
shut off the solar charging of the batteries, or the inverter would lockout to avoid
breaching its maximum load rating. These two conditions would render the solar useless,
as the solar system itself shuts down to prevent damage.
A very striking statement is made in a 
University Business
article regarding
college campuses and renewable energy (Citation 6), which reads: “To claim to be carbon
neutral while saving costs in energy purchases altogetherand truly lessen their carbon
footprint and dependence on the local power gridcolleges and universities need to
produce electricity on site through use of distributed generation. The use of solar
photovoltaic systems, wind power, and cogeneration also have the potential to generate
substantial cost savings.” The University should begin to move towards distributed
generation and away from Renewable Energy Credits (REC’s), and if they decide to do
so, they will need to consider revamping the electrical system on campus first. If the
University wishes to also become a more environmentally friendly campus via
renewables such as solar, it will be imperative that the grid is reliable enough to make it
worthwhile.

Further Research
This case study does provide a limited scope of the potential issues and cost
associated with a power outage, and does leave room for additional analysis. There are
numerous additional considerations that should be made, a few of which will be touched
on in this section. Some considerations to be made in an extended analysis could include
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monetary loss incurred by lab space, professor offices, and dining hall food storage
outages.
An important consideration should be given to conference rooms. These rooms
cannot be accounted for from a student’s tuition point of view, as students do not pay a
conference room/community room fee as part of the housing cost. If they are treated as a
complementary space for students, then the cost can be discounted.
To consider the costs incurred by professors offices losing power, the calculation
would get difficult. The numbers on the salaries of every person who has an office on
campus would be needed to determine the cost of an hour of their time, and ultimately the
revenue lost when they are not able to work in their office. Then, a typical building floor
with all offices would need to be found, and used to calculate the average cost per square
foot per hour for a professor's office space. This thesis, however, looks at the money paid
to the school by students that is being lost. To do a proper calculation, the percent of the
professor's salary that is paid by the students would need to be determined as well.
Another consideration to make is the loss of lab space not accounted for in this
thesis. In many buildings on campus, there are large research facilities and laboratories
on campus that are instrumental in the reinforcement of lecture topics, and the
individualized research and learning of the student. There are also labs on campus with
ongoing research. One of these, to use a concrete example, is the Ice Core lab at the
Climate Change Institute on campus. The ice cores, gathered on expensive expeditions to
places ranging from the Chilean Andes to Antarctica, are stored at 20℉, and need to be
kept at that temperature to avoid any kind melting contamination. The core storage has
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multiple backups, including a generator, which help provide power to the building in the
event of a power outage. The issue would be if the outage was of a longer duration. The
cost of fuel for the generator would need to be taken into account, as a longer duration
outage would surely exhaust the fuel supply on hand for the backup. If a per square foot
cost for these types of buildings could be derived, then the calculations done could
include much more of the space on campus.
A consideration that was suggested by dining staff was an approximation of the
cost of replacing the food after a certain point, if the power was out for an extended
period of time. Granted, the dining halls on campus have many contingencies in place to
protect against a catastrophic power loss, each being noted in an email to Kenneth in the
appendices. The cost, as approximated by the dining staff, would be about $20,000 for
York to replace all perishable food in the coolers, as shown in Appendix 10, “Kenneth on
Extended Outages.” This cost would have to be calculated individually per each dining
hall, as the square footage is not directly related to the amount of storage that the dining
hall may have for food. For instance, Wells dining sees significantly more traffic due to
its central location and conference center than for instance York dining, which is in the
corner of campus. The increased traffic means that the amount of food moved through the
dining hall must also be larger, to meet demand.
Finally, one change that would increase the level of accuracy with these
calculations would be a floor by floor square footage breakdown, and added
classifications for administrative space as well. So, for instance, Estabrooke has two
floors of office spaces, which could mistakenly be lumped into the classification that
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Estabrooke is a dormitory. Glancing at Appendix 4 and 5, the counts for offices can be
pulled off for floors 1 and 2, respectively . Although not considered in the math, it merits
mention that there are 51 offices in Estabrooke, assuming one person per office, there are
51 professors or administrators unable to do work as a result of a power outage. This
information would be lost without proper consideration, and in further analysis would
need to be calculated using the square footage and hourly cost derived from the salaries
of each individual who has an office on the floor in question.
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Section 5: Conclusions and Works Cited
Academic: Dunn Hall Conclusions
For the academic buildings, the number calculated is high at $3.73/ sq ft./ hour.
This can be accounted for based upon the fact that only hours in class are considered. If
this was compared to a dorm room for instance, a student has access to that room 24
hours a day, 7 days a week. This leads to the hours per semester to be 2,520 hours/
semester(15*24*7). A similar calculation for academic access yields about 15 hours/
semester for a one credit course. From a student tuition perspective, the student is paying
for the time in class, as well as any time that the professor sets aside to meet with the
student which, as we know, usually goes unused (office hours, study sessions, review
nights, etc.). With this in mind, using only class hours makes sense. Another factor
pulling this number higher is the disparity between in state tuition costs and out of state
tuition costs. As you saw in the calculations, the in state cost was much lower for a
square foot ($1.60), as the out of state cost was much higher ($5.86). This disparity
caused the average to be pulled much higher, towards the out of state cost, even though
the number of in state students outweighs the number of out of state students.

Dining: York Dining Hall Conclusions
For dining halls, the number calculated is quite low. This can be attributed to a
few factors. First, we need to consider the amount of time a student will realistically

32

spend in the dining hall every visit. Next, to get a more accurate number, you would also
need to assume the number of meals a day that a person would consume. The average of
three is usually a safe bet, but a better idea of the number of hours being spent in the
dining halls as well as the frequency of those visits. The calculations are done assuming
that an individual will be accessing the building for every hour that it is open. The only
reason that this is used is to account for an outage at any point in the day, and level out
the potential for introducing error by assuming peak usage and minimum usage. The
chances of an outage happening at any point in the day, therefore, are assumed to be
equal. The other factor, as stated, is the frequency of visits, or meals. If the data was
collected for the amount of time a student spends eating each meal that they take, as well
as the number of meals, a more accurate semesterly hour usage rate could be determined.
Without these numbers, the most realistic choice to determine the cost of an outage on a
per square foot basis would be the assumption that every hour of dining time is being
used equally, resulting in the same cost no matter the timing of the outage.

Dormitory: Estabrooke Hall Conclusions
With the calculations finished, we saw that the cost for a power outage would be
approximately 1.1 cents per each square foot per hour. The top two floors are dorm
rooms, and the bottom two are mostly offices and conference rooms. The first floor is
home to 2 classrooms and 20 offices, one of which (Rm. 145) is the Honors Dean’s
office. The second floor is home to 6 conference rooms and 31 offices. The dorm rooms
on floors three and four provide a good sampling of each different type of dorm room,
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and therefore create a good average to use for a square footage power loss cost. The only
problem that arises is considering the usage.When following through with the
calculations, a 24 hour period is used. This 24 hour availability of the dorm rooms is
realistic, as the rooms are available to the student for 24 hours of the day. To assume that
the student is using the dorm room for 24 hours a day, however, is unrealistic. With a few
exceptions, there are some peak hours of usage for dorm rooms, hours where people
would usually be back in their dorm rooms. These hours, which usually range from
Midnight to approximately 8AM, and from 6PM to Midnight, would decrease the hourly
usage to 58% of its assumed value ( 14/24=.5833). If there were a way to create a better
approximation for the number of hours spent, on average, in the dorm rooms for students,
the calculations could be made more exact. The number of 1.1 cents would also increase,
as the number of hours the building is being used goes down. What has been calculated in
this thesis, as shown in the math, is a number that accounts for an outage at any point in a
day. If you were to acquire numbers for the amount of time spent in the dorms on average
for a student, that would increase the cost of the outage on a square foot basis. The only
issue here is that if you find an average amount of time spent per day in the dorm rooms,
you discount the potential for an outage to happen at any time. If a dormitory outage
happens at 12 Noon, while everyone is in class, you do not see the same losses as you
would at 12 Midnight, as the usage would be drastically disparate. So, it merits mention
that the average used in this thesis accounts for both of these eventualities via the use of a
24 hour usage period.
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Given the focus on getting an accurate cost per square foot for dormitory space,
the average found for the top two floors gives us a great approximation for every hour
that the power is out for any building classified as dormitory space. So, if you had a
building that is out for 3 hours, is comprised of all dormitory rooms, with four floors and
a square footage of 4200 (60’X70’), the cost for that outage from a tuition perspective
based upon the calculated 1.1 cents per sq. ft/hr. is $554.80. For a larger dorm like for
instance Hancock Hall, which has an approximate square footage of 10,600, the cost
becomes much higher, at $1399.20 for a three hour power outage.
This thesis set out to find the cost of an electrical power outage per square foot
per hour, based upon the educated assumption from my previous capstone that buildings
on the West Substation of campus are in more imminent danger of serious power loss.
These buildings are listed in Appendix 11, “Buildings on the West Sub”. The calculations
performed yielded cost results for the three different types of building classifications
considered. The costs per square foot are as follows for each building classification: For a
square foot of space in an academic building, the cost is $3.73 dollars/hour. For a square
foot of space in a dining building, the cost is 3.2 cents/hour. For a square foot of space in
a dormitory building, the cost is 1.1 cents/ hour.
With these numbers, it is the hope that anybody from any background can use
these to determine a rough cost for a power outage of the given building types at the
University of Maine Orono. The costs, paired with total square footage data for the
buildings and a simple building classification, will yield a cost that the students have paid
to the university via their tuition to be allowed access to. Ultimately, the hope here is that
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this thesis will allow the administration to see what the students, or “the customers”, are
losing monetarily due to an unreliable grid. This in turn should help the administration
realize that an investment in this infrastructure is an investment in their future, their
growth, and ultimately the University of Maine’s longevity as an educational institution.
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Appendix 1: Approved Undergraduate Rates
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Appendix 2: Classroom Scheduling
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Appendix 3: Customer Counts
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Appendix 4: Estabrooke Hall First Floor Plan
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Appendix 5: Estabrooke Hall Second Floor Plan
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Appendix 6: Estabrooke Hall General Information
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Appendix 7: Estabrooke Hall Floors 3 and 4 Floor Plans
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Appendix 8: Sally Clark Email
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Appendix 9: York Dining Floor Plan
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Appendix 10: Kenneth on Extended Outages
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Appendix 11: Buildings on the West Sub

Note: All values pulled from CYME Campus Model
Feeder 1
(D07) LORD HALL - 480V
(D06) WINGATE HALL - 208V
(D05) FERNALD HALL - 208V
(D02) HOLMES HALL - 208V
(D04) ALUMNI HALL - 208V
(D08) AUBERT HALL - 480V
(D15) CORBETT HALL - 480V
(D41) MAHANEY CLUBHOUSE - 208V
(D18) MEMORIAL GYM - 480V
(D14) DUNN HALL - 480V
(D10) OAK HALL - 208V
(D12) WELLS COMMONS - 480V
(D13) HART HALL - 208V
(D09) HANCOCK HALL - 208V

Feeder 2
(C35) SIGMA CHI HERITAGE HOUSE - 240V
(C34) PHI ETA KAPPA - 240V
(C32) DELTA TAU DELTA - 240V
(C24) CHILDREN'S CENTER - 240V
(D16) CROSSLAND HALL - 240V
(D17) ALFOND STADIUM - 480V
(D28) ALFOND ARENA NORTH - 480V
(D28) ALFOND ARENA SOUTH - 480V

Feeder 3
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(D01) FOGLER LIBRARY - 600V
(D01) FOGLER LIBRARY OLD - 208V
(D01) FOGLER LIBRARY NEW - 208V
(C10) BALENTINE HALL - 208V
(C09) STODDER HALL - 208V
(C17) ESTABROOKE HALL - 480V
(C22) YORK HALL - 208V
(C21) KENNEBEC HALL - 208V
(C45) YORK VILLAGE BUILDING 1 - 240V
(C47) YORK VILLAGE BUILDING 3 - 240V
(C50) YORK VILLAGE BUILDING 6 - 240V
(C23) AROOSTOOK HALL - 208V
(C62) BUCHANAN ALUMNI HOUSE - 480V
(C20) LENGYEL GYM - 208V
(C19) CHADBOURNE HALL - 208V
(C08) PENOBSCOT HALL - 208V
(C07) CARNEGIE HALL - 208V
(B20) HITCHNER HALL WEST - 480V
(B20) HITCHNER HALL EAST - 480V
(B20) HITCHNER HALL NEW - 480V
(B21) NUTTING HALL - 208V
(C18) DEERING HALL - 600V
(C18) DEERING HALL - 208V
(C11) MERRILL HALL A &B - 240V
(C16) COLVIN HALL - 208V
(C12) ROGER CLAPP GREENHOUSES - 240V
(C03) PRESIDENT'S HOUSE - 240V
(D03) COBURN HALL - 240V
(C04) WINSLOW HALL - 208V
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Appendix 12: Dunn Hall Autocad Floor 1
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Appendix 13: Dunn Hall Autocad Floor 3
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Appendix 14: Results From Senior Capstone
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